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EMBANKMENT SETTLEMENT

Lesson 6 - Topic 1
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EMBANKMENT SETTLEMENT

1. Estimate Compressibility from Basic Soils 
Data

2. Calculate Settlement

ACTIVITIES:  Compressibility Values
Settlement Analysis
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Embankments
Major Design Considerations
gStability
gSettlement
gEffects on the Structure
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Embankments

gEnd Slope Safety Factor = 1.30
gSide Slope Safety Factor = 1.25
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Avoid Settlement Within 
Embankment
gNo Organic or Miscellaneous Fill Material 

Allowed
gControl Fine-Grained Material Use
gRequire Compaction and Compaction 

Control Tests
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To Eliminate Settlement Within Embankment

Select Structure Fill (100% T99)

Highway Embankment Material (90% T180) 

Highway Embankment Material 6” Topsize (95% T180)  

Suggested Approach Embankment Details 

6” Topsize

90% T180

50’ Minimum

5’ 100% T99 

1

1

3

1
1

1
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Reasons for “the Bump at the 
End of the Bridge”
gPoor Compaction of Embankment Material 

Near the Structure
gMigration of Fines into Drainage Material 

Behind Abutment Backwall
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To Prevent Bump at End of Bridge 

gUse Select Structural 
Fill

gUse Underdrain Filter 
Material 

gUse Durable Well 
Graded Granular for 
High Density w/Min. 
Compactive Effort 

Underdrain Filter 
Material (6” Lifts) 

Select Structural 
Fill (100 % T99) 

Heel Projection + 3 ft.

1’6”
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Select Material Specifications

gSpecification Item
- 6”-8” Lift Thickness

- Topsize Restriction

- Gradation 
Requirement

gReason for Item
- Small Compaction 

Equipment
- Less than 3/4 Lift 

Thickness
- Compactibility
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Select Material Specification (Cont’d)

gSpecification Item
- Durability
- Limit Percent Fines
- T99 Density Control

- Compatible to Drain 
Material

gReason
- Minimize Breakdown
- Density/Piping
- Small Compaction 

Equipment
- Prevent Piping
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Avoid Major Subsoil Settlement

g Identify and Provide Treatment for Organic 
Soils

gAnalyze Clay Subsoil Deposits
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Settlement Problem 

Soft Clay

Granular Fill

γ = 120 PCF
24’

23’
Sandy Gravel

γ = 120 PCF (γ’ = 60 PCF)

Sand
6’
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Settlement

gAmount
gTime
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Settlement Magnitude

Where: ∆H = Settlement

H = Layer thickness

Cc = Compression Index

eo = Initial voids ratio

PO = Overburden Pressure

∆P = Change in Pressure

o
o

o
c

P
PPLog

e1
CHH ∆∆ +
+

=
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Settlement Time

Where: t = Time for Settlement

T = Time Factor

Hv = Vertical Drainage Path Length

CV= Coefficient of Consolidation

V
V

C
THt

2
=
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Embankment on Clay Subsoil 
Time-Settlement Curve

Time (Months)
1 2 3 4 5 6 7 8 9

0

1.0
2.0
3.0
4.0
5.0

6.0
7.0

Se
ttl
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en
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Estimate of Embankment 
Settlement Due to 
Consolidation of Subsoil
• Different computation 

methods for cohesive and 
cohesionless soils

• Pressure distribution 
common to all soil types
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Po Diagram

P = Pressure increase due to approach emb. load

P  = Po +   P = Final pressure felt by subsoilF

Po = Effective overburden pressure before fill placed

(determined using pressure distribution chart)

PRESSURE

Po

P

P

F
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PRESSURE DISTRIBUTION OF
EMBANKMENT LOAD

Addition of Embankment Load is What
Causes Consolidation of Subsoil

The Embankment Load Spreads Out
with Depth ->   P Decreases with Depth

F

H Fill

@ OGS    P =    H

P <    H

F
F

F F

F

To Compute    P with Depth

Can Use Pressure Distribution Chart
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Case of Long Strip-Uniform Loading 
Vertical Pressures at End of Fill
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EXAMPLE
USE OF PRESSURE DISTRIBUTION CHART

Given:  Fill height, h = 30 ft
End and side slopes, 2:1

Embankment top width = 100 ft

Fill unit weight = 100 pcfF

b CL

h

60' 100'

2:1 b = 100/2 + 60/2
b = 80'

Find: The pressure increase (   P) under the proposed
abutment centerline (point X) at a depth of
64 ft (0.8b) below the base of the fill.

Point X
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EXAMPLE SOLUTION
USE OF PRESSURE DISTRIBUTION CHART

At 64' depth    P = K    h = (0.7)(100 pcf)(30 ft)
From 0.8b depth chart read K = 0.7

F

Point X

.7

1.5b2.0b 0.5b1.0b MP

point 'X' = 30' so enter chart at 30/80b = 0.38b
Solution:  Distance from midpoint of end slope to

0.38b

P = 2100 psf
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Settlement - Cohesionless Soils

1. Determine "corrected" SPT (N') value from
Figure 6.5.

2. Determine "Bearing Capacity Index" (C') by
entering Figure 6.6 with N' value.

3. Compute settlement in 10' + increments
of depth from:

H = H        Log
1
C'

Po +    P
Po

Where:

H = Settlement

C' = Bearing capacity index

Po = Existing effective overburden
pressure at center of layer

P = Distributed embankment pressure
at center of layer
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‘
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E x a m p le :  D e te rm in e  T h e  S e ttle m e n t O f 
T h e  E m b a n k m e n t D u e  T o  
C o n s o lid a tio n  O f T h e  S ilty  
S a n d  L a y e r U s in g  T h e  P O  
D ia g ra m .   

Depth (ft.)

20’

10′

γT = 120 pcf

Silty Sand 
γT = 120 pcf, N′ = 20

PFPo

0

Pressure (psf)

4000300020001000

10

5 600 3000
∆P = 2400

 
Slide 6-1-31 

 

____________________________________

____________________________________

____________________________________

____________________________________

____________________________________

____________________________________ 

____________________________________

____________________________________

____________________________________

____________________________________

____________________________________

____________________________________

____________________________________  

Solution 
Find C′: Use N′ = 20 and Silty Sand Curve 

In Figure 6-6
C′ = 58

Find Settlement

0
0

P
PPLog

C
1HH ∆+
′

=∆

psf600
psf2400psf600Log

58
1'10H +






=∆

″=′=∆ 44.112.0H
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Student Exercise NO. 3

SPT Correction and C' Value

GIVEN:  Po values at the depths
Where SPT’s were taken.

Soil is fine to coarse sand

DEPTH SPT N-VALUE Po (PSF)

5'
10'
15'
20'
25'

6
10
15
17
16

550
1100
1650
2200
2438

FIND:  1. N' (SPT value corrected for
Po effect - Fig. 6-5)

2. C' (Bearing capacity index
-Fig. 6-6)
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Settlement Estimate - N.C. Clay

P PO F

H = H
Cc

1 + e
Log PF

POO

H = Thickness of clay layer

Cc = Compression index (e-log P curve)

e   = Initial void ratio of clay

P   = Existing effective overburden
pressure (psf) @ center of layer

P   = Final effective pressure (P  +    P)
F

O

O

O
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Settlement Estimate - O.C. Clay
PPO FP C

H = H
Cr

1 + e
Log PF

POO

P PO FP C

H = H
Cr

1 + e
Log PC

POO

+ H
Cc

1 + e
Log PF

PCO

H = Thickness of clay layer
Cc  = Compression index (e-log P curve)

Pc = Preconsolidation pressure

Cr = Recompression index

PF = Final effective pressure (Po + ∆P)

Po = Existing effective overburden
pressure (psf) @ center of layer

eo = Initial void ratio of clay
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Settlement Time

=
T Hv

2

Cv

= Time for settlement (days)

T = Time factor

Hv = Vertical drainage path (ft)
Cv = Coefficient of consolidation (ft2/day)

Sand Sand

Clay Clay

Sand Rock

10' 10'

Hv = 5' Hv = 10'

t

t
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Example: Determine The Magnitude 
And The Time For 90% Consolidation 
For The Primary Settlement Of The 
Embankment Using The Po Diagram. 

20′

10′

Embankment
γT = 120 pcf

Clay (Normal Consolidated)
γT = 120 pcf, Cc = 0.5,
e0 = 1.0, Cv = 0.2 ft2/day

Rock 

0

Depth 
(ft.)

Pressure (psf)

4000300020001000

10

5
600 

3000
∆P = 2400

Po
PF
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Solution:

Find Primary Settlement 

0
0

0
c

P
PPLog

e1
CHH

∆+
+

=∆

psf600
psf2400psf600Log

0.11
5.0'10 +








+

=

″=′=∆ 2175.1H

Find Time to 90% Consolidation:
Assume Single Vertical Drainage Due to 
Impervious Rock Layer. 

v

2
90 C

THt V=

days424
2.0

)10)(848.0(t
2

90 ==
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Student Exercise No. 4 - Settlement Problem
Given: 1. Soil profile

24'

23'

6'

Granular Fill
= 120 pcf

Sandy Gravel

T = 122 pcf  

Soft Clay     T = 104 pcf, e   = 2.1, Cc = 1.1
Sand
o 

Pressure (psf)
1500 2900 4400

Po PF

Middle of clay layer

Sandy
Gravel

Clay
∆P

2. Pressure diagram

2. Time (mos.) for 90% primary settlement to occur in clay
1. Primary settlement of normally consolidated clay due to fill load.
Compute:

23’

29’

Cv = 0.0175 ft2 /day
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• Estimate compressibility 
from basic soils data

• Calculate settlement

Activities:
• Compressibility analysis
• Settlement analysis

Embankment Settlement
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Student Exercise NO. 3

SPT Correction and C' Value

GIVEN:  Po values at the depths
Where SPT’s were taken.

Soil is fine to coarse sand

DEPTH SPT N-VALUE Po (PSF)

5'
10'
15'
20'
25'

6
10
15
17
16

550
1100
1650
2200
2438

FIND:  1. N' (SPT value corrected for
Po effect - Fig. 6-5)

2. C' (Bearing capacity index
-Fig. 6-6)
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Student Exercise No. 4 - Settlement Problem
Given: 1. Soil profile

24'

23'

6'

Granular Fill
= 120 pcf

Sandy Gravel

T = 122 pcf  

Soft Clay     T = 104 pcf, e   = 2.1, Cc = 1.1
Sand
o 

Pressure (psf)
1500 2900 4400

Po PF

Middle of clay layer

Sandy
Gravel

Clay
∆P

2. Pressure diagram

2. Time (mos.) for 90% primary settlement to occur in clay
1. Primary settlement of normally consolidated clay due to fill load.
Compute:

23’

29’

Cv = 0.0175 ft2 /day

 


